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(54) Reducing discontinuities in segmented imaging sensors 



(57) A segmented imaging sensor having plural out- 
put pipelines in correspondence to the number of seg- 
ments. Discontinuities between segments of the 
electronic imaging sensor are reduced by providing 
duplicated pixel values for pixels in an overlap region 
between segments, and by providing the duplicated pix- 
els to processors that process the output from pipelines 
whose segments border on the overlap region. 
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Description 

[0001] The present invention relates to electronic 
imaging sensors, such as charge couple devices 
(CCDs), that are segmented into plural segments with a s 
respective one of plural output pipelines for each seg- 
ment. In particular, the invention pertains to duplicating 
image data for an overlap region that includes the dis- 
continuity between individual segments of the sensors, 
with the duplicated data being provided to each of the 10 
output pipelines for segments that border the overlap 
region. 

[0002] Recent advances in manufacturing proc- 
esses for electronic imaging sensors such as CCDs 
have resulted in electronic imaging sensors having 15 
many millions of pixels arranged in a two-dimensional 
array. Because of the large number of pixels, however, 
there has been an undesirable increase in the process- 
ing time needed merely to shift the data from the elec- 
tronic imaging sensor. 20 
[0003] Several proposals have been considered to 
address the increase in shift out time. According to one 
such proposal, the electronic imaging sensor is seg- 
mented into plural different disjoint areas, such as being 
divided into left and right halves. Each segment of the 25 
electronic imaging sensor is provided with its own out- 
put pipeline. As a consequence ol this arrangement, it is 
possible to reduce the shift out time in proportion to the 
number of segments. For example, when an electronic 
imaging sensor is divided into mutually disjoint left and 30 
right halves, it is possible to reduce the shift out time by 
a factor of two. 

[0004] One problem encountered in use of a seg- 
mented electronic imaging sensor is the discontinuity in 
image data formed at boundaries between each of the 35 
segments. If data shifted from each segment is immedi- 
ately re-combined prior to any processing, the effects of 
such discontinuities can be minimized since image data 
for the entire image is available to the processor. How- 
ever, it is becoming increasingly commonplace to pro- 40 
vide a separate processor for each output pipeline. 
These processors work independently of each other, on 
the segment of electronic imaging sensor data corre- 
sponding to its output pipeline. Thus, when an image is 
formed from the re-combined image data processed 45 
individually by each processor, discontinuities at the 
sensor segment are readily apparent. 
[0005] An aspect of the invention reduces disconti- 
nuities at each segment of a segmented electronic 
imaging sensor by duplicating image data for an overlap so 
region that includes the discontinuity between individual 
segments, and by providing the duplicated image data 
to the output pipeline of each segment of the electronic 
imaging sensor that borders the overlap region. 
[0006] Thus, in one aspect, the invention is an elec- 55 
tronic imaging sensor segmented into plural different 
disjoint segments, with each segment provided with a 
processor. Means are provided to duplicate pixel values 



for an overlap region that includes a segment boundary, 
with the duplicated pixel values being provided to the 
processors for the segments that border on the overlap 
region. 

[0007] Because pixel data for an overlap region at 
segment boundaries is duplicated to each of the differ- 
ent processors, those processors are able to compen- 
sate more accurately for image discontinuities. For 
example one common post-processing function on 
electronic imaging sensor data is to perform white bal- 
ance correction whereby each processor adjusts the 
red, green and blue components of a color image so as 
to achieve an overall white balance. Because the 
present invention provides duplicated image data in 
overlap regions of each segment, individual processors 
are able to achieve an overall more pleasing white bal- 
ance correction, with reduced discontinuities between 
image segments. 

[0008] Preferably, the overlap region is more than 
one pixel wide, such as six or eight pixels wide, and 
preferably centered on the boundary between seg- 
ments of the segmented electronic imaging sensor. 
Three different arrangements are currently preferred for 
providing such duplicated image data. 
[0009] According to a first arrangement, circuitry is 
included directly on the sensor chip to include a charge 
(or voltage) duplication circuit for pixels in the overlap 
region. The duplicated pixels are thereafter shifted out 
of the electronic imaging sensor in ordinary course to 
respective ones of the output pipelines. 
[0010] According to a second arrangement for 
duplicating pixels for an overlap region, some circuitry is 
included directly on the sensor chip itself, and other cir- 
cuitry is provided off chip. The circuitry provided on the 
chip itself includes a separate shift-out signal line for 
pixels in the overlap region. This separate shift-out line 
is different from the output pipelines for the sensor seg- 
ments. Pixels in the overlap region are stored in an 
intermediate buffer, preferably provided off-chip. It is the 
intermediate buffer that provides duplicate pixel values 
to each of the image processors associated with the 
output pipelines for the sensor segments. 
[001 1] According to a third arrangement for provid- 
ing duplicate pixels, all circuitry is provided off-chip. The 
circuitry includes a communication link between the 
processors associated with respective ones of the out- 
put pipelines. The communication link allows the proc- 
essors to share duplicate pixel image data from the 
overlap region. 

[0012] Embodiments of the present invention will 
now be described with reference to the accompanying 
drawings, in which: 

Figure 1 is a representational view of an image stor- 
age device that can utilize an electronic imaging 
sensor according to an embodiment of the inven- 
tion. 

Figure 2 is a representational view of a first embod- 
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iment of an electronic imaging sensor according to 
the invention, in which image data for an overlap 
region is duplicated by circuitry directly on a chip 
containing the electronic imaging sensor. 
Figure 3A is a schematic of charge duplicating cir- s 
cuitry for an overlap region of a sensor segment. 
Figure 3B is a schematic of charge circuitry for a 
non-overlap region of a sensor segment. 
Figure 4 is a flowchart for explaining generation of 
image data for an image formed on a sensor array, io 
in which image data is duplicated for an overlap 
region at a boundary between two mutually disjoint 
segments of a sensor array according to a first 
embodiment of the invention. 

Figure 5 is a representational view of a second is 
embodiment of an electronic imaging sensor 
according to the invention, in which image data for 
an overlap region is stored to an intermediate 
buffer. 

Figure 6 is a flowchart for explaining generation of 20 
image data for an image formed on a sensor array, 
in which image data is duplicated for an overlap 
region at a boundary between two mutually disjoint 
segments of a sensor array according to a second 
embodiment of the invention. 25 
Figure 7 is a representational view of a third 
embodiment of an electronic imaging sensor 
according to the invention, in which pixel data for an 
overlap region is communicated off-chip between 
processors. 30 
Figure 8 is a flowchart for explaining generation of 
image data for an image formed on a sensor array, 
in which image data is duplicated for an overlap 
region at a boundary between two mutually disjoint 
segments of a sensor array according to a third 35 
embodiment of the invention. 

[0013] Figure 1 is a representational view ol an 
image storage device that can utilize an electronic imag- 
ing sensor according to an embodiment of the invention. 40 
Shown in Figure 1 is electronic imaging sensor chip 1 , 
such as a charge couple device (CCD) chip, along with 
lens system 2 for focussing incident light for an image 
onto sensor array 3 in unmasked area 4 of sensor chip 
1 . Sensor array 3 includes a plurality of mutually disjoint 45 
sensor segments. As shown in Figure 1 , these sensor 
segments include segment A 7, segment B 8 and seg- 
ment C 9. 

[0014] Each sensor segment preferably includes a 
plurality of rows of photosensitive cells. Each cell prefer- so 
ably corresponds to a pixel of the image data generated 
by the sensor chip. When light strikes one of these cells, 
the light generates a charge or voltage in the cell for the 
corresponding pixel. 

[001 5] After the light has generated these charges ss 
or voltages for a predetermined period of time corre- 
sponding to a single image, the charges or voltages are 
shifted out of each sensor segment so as to provide 



image data for the image focussed onto sensor array 3. 
Preferably, the charges or voltages are shifted out of 
each segment row-by-row. In addition, the sensor seg- 
ments are preferably shuttered, either physically or 
electronically, so that no more charges or voltages are 
generated by incident light during the shifting operation. 
This shuttering tends to prevent or diminish image 
smearing that could occur from charges generated by 
incident light as the charges or voltages are shifted out 
of the sensor segments. 

[0016] Preferably, phased clocks <h 11. <f>2 12 and 
<t> 3 13 are provided for shifting the charges or voltages 
out of each sensor segment using techniques that are 
known in the art. Each of the phased clocks preferably 
has a 1/3 duty cycle and is offset from the other clocks. 
By successively clocking cells in a sensor segment 
using these clocks, the charges or voltages are shifted 
out of the segment. Preferably, the charges or voltages 
are shifted one row at a time into the pipelines corre- 
sponding to each of the sensor segments. Thus, rows of 
charges or voltages are shifted one by one from seg- 
ment A 7 to pipeline A 1 7, from segment B 8 to pipeline 
B 18. and from segment C 9 to pipeline C 19. 
[0017] After a row of charges or voltages is shifted 
into a pipeline, the charges or voltages for that row are 
serially output to an image processor, preferably 
through an A/D converter which converts the charges or 
voltages into digital pixel data. The image processor 
processes the pixel data, for example to perform white 
balance correction. 

[0018] Thus, charges or voltages are serially output 
from pipeline A 17 to A/D converter 21 for conversion to 
digital pixel data, and the data is sent to processor A 22 
for processing. Charges or voltages are serially output 
from pipeline B 18 to A/D converter 23 for conversion to 
digital pixel data, and the data is sent to processor B 24 
for processing. Likewise, charges or voltages are seri- 
ally output from pipeline C 19 to A/D converter 25 for 
conversion to digital pixel data, and the data is sent to 
processor C 26 for processing. 

[0019] Next, another row of charges or voltages is 
shifted from the sensor segments to the pipelines, and 
the process is repeated until pixel data has been gener- 
ated for all rows of the sensor segments. Recombina- 
tion processor 28 then combines the pixel data from 
processor A 22, processor B 24 and processor C 26. 
Alternatively, recombination processor 28 processes 
the pixel data as it is generated by processor A 22, proc- 
essor B 24 and processor C 26. The image data from 
recombination processor 28 preferably is stored in 
image storage 29. 

[0020] After an entire image has been processed, 
sensor array 3 preferably is unshuttered (either physi- 
cally or electronically), and another image is processed. 
[0021] According to the invention, duplicate pixel 
values are generated for overlap regions that include 
boundaries between the sensor segments. Preferably, 
each overlap region includes cells corresponding to a 
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width of a few pixels, such as cells for six or eight pixels, 
on each side of the corresponding boundary. 
[0022] In Figure 1, the boundaries between seg- 
ments are boundary 31 between segment A 7 and seg- 
ment B 8. and boundary 32 between segment B 8 and 5 
segment C 9. The corresponding overlap regions are 
overlap region 33 and overlap region 34, respectively. 
[0023] Processors A 22, B 24 and C 26 compen- 
sate for discontinuities between the sensor segments 
using the duplicate pixel values. For example, when the io 
processors correct white balance for their respective 
sensor segments, the processors use the duplicate 
pixel values for the overlap regions in the white balance 
calculations. As a result, a more pleasing white balance 
is achieved that tends to minimize discontinuities 75 
between image data for the sensor segments. 
[0024] Three different embodiments of the invention 
for generating the duplicate pixel values are described 
hereinbelow. While these three embodiments are 
described in detail, the invention is not limited to these 20 
embodiments. 

[First Embodiment] 

[0025] Figure 2 is a representational view of a first 25 
embodiment of an electronic imaging sensor according 
to the invention. 

[0026] Briefly, according to the first embodiment, an 
electronic imaging sensor includes a sensor array seg- 
mented into plural disjoint segments, a respective plu- 30 
rality of output pipelines, each of which corresponds to 
each of the plural segments of the sensor array, and cir- 
cuitry for duplicating image data for an overlap region at 
each boundary between segments. The circuitry 
includes charge or voltage duplicating circuitry that 35 
obtains multiple outputs for each pixel in the overlap 
region. The duplication circuitry provides each of the 
multiple outputs to individual ones of the output pipe- 
lines that border on the overlap region. 
[0027] In more detail, Figure 2 shows electronic 40 
imaging sensor chip 31 having sensor array 33, which 
includes mutually disjoint sensor segments A, B and C, 
designated at numerals 37, 38 and 39. Each of these 
sensor segments outputs rows of charges or voltages 
for an image focussed thereon in accordance with 45 
phased clocks <(>•, 41, (f> 2 42 and <|>3 43. as explained 
above with reference to Figure 1. 
[0028] According to the first embodiment of the 
invention, image data for overlap regions is duplicated 
by circuitry that duplicates the charges or voltages for 50 
the overlap regions. Preferably, this circuitry is provided 
on sensor chip 31. 

[0029] In Figure 2, circuitry 51 duplicates the 
charges or voltages for overlap region 52. and circuitry 
53 duplicates the charges or voltages for overlap region 55 
54. One possible structure for each of circuitry 51 and 
52 is explained below with reference to Figure 3A. 
[0030] Because the voltages or charges outside of 



the overlap regions are not duplicated, circuitry 56, 57 
and 58 provide the charges or voltages from non-over- 
lap regions outside of the overlap regions for each of the 
sensor segments to the respective pipelines without 
duplication. Thus, circuitry 56 provides charges or volt- 
ages from non-overlap region 61 to pipeline A 62, cir- 
cuitry 57 provides charges or voltages from non-overlap 
region 64 to pipeline B 65, and circuitry 58 provides 
charges or voltages from non-overlap region 67 to pipe- 
line C 68. One possible structure for each of circuitry 56, 
57 and 58 is explained below with reference to Figure 
3B. 

[0031] Each of the pipelines is connected to a 
respective onie of processor A 71 , processor B 72 and 
processor C 73. Pipeline A 62 is preferably connected to 
processor A 71 through A/D converter 74; pipeline B 65 
is preferably connected to processor B 72 through A/D 
converter 75; and pipeline C 68 is preferably connected 
to processor C 73 through A/D converter 76. 
[0032] Figure 3A is a schematic of charge duplicat- 
ing circuitry for an overlap region of a sensor segment. 
As shown in Figure 3 A, charge 81 is input from an over- 
lap region. Charge 81 travels down both of branches 82 
and 83. Branch 82 is provided with resistor 85 and 
capacitor 86, and branch 83 is provided with resistor 87 
and capacitor 88. These resistors and capacitors are 
preferably balanced so as to produce duplicate output 
charges 89 and 90 from input charge 81. Unshown cir- 
cuitry compensates for any needed amplification, so as 
to compensate for attenuation by the resistor-capacitor 
network. 

[0O33] Figure 3B is a schematic of charge circuitry 
for a non-overlap region of a sensor segment. This cir- 
cuitry does not duplicate input charge 91 from a non- 
overlap region. Thus, the circuitry in Figure 3B has one 
branch 92 with resistor 93 and capacitor 94, which oper- 
ate to produce output charge 95 from input charge 91. 
[0034] Figure 4 is a flowchart for explaining genera- 
tion of image data from charges for an image formed on 
a sensor array, in which image data is duplicated for an 
overlap region at a boundary between two mutually dis- 
joint segments of a sensor array according to the first 
embodiment. 

[0035] Briefly, an electronic imaging sensor has a 
sensor array with plural mutually disjoint segments. The 
plural segments include at least a first segment and a 
second segment separated by a boundary. Charges or 
voltages from a non-overlap region of the first segment 
are stored into a pipeline. Charges or voltages from an 
overlap region of the first segment and the second seg- 
ment also are stored into the pipeline. The charges or 
voltages stored in the pipeline are then provided to a 
processor. 

[0036] In more detail, charges or voltages from a 
non-overlap region of a row of a sensor segment are 
stored to a pipeline in step S401. Charges or voltages 
from non-overlap region 61 are stored to pipeline A 62, 
from non-overlap region 64 are stored to pipeline B 65, 
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and from non-overlap region 67 are stored to pipeline C 
68. 

[0037] In step S402, charges or voltages from an 
overlap region of a row of a segment and an adjacent 
segment are duplicated by duplicating circuitry, and the 
duplicated charges or voltages are stored to the pipe- 
lines for those segments. Charges or voltages from 
overlap region 52 are duplicated by circuitry 51 and 
stored to pipelines A 62 and B 65. and charges or volt- 
ages from overlap region 54 are duplicated by circuitry 
53 and stored to pipelines B 65 and C 68. 
[0038] In step S403, charges or voltages from the 
pipelines are processed by the respective processors. 
Charges or voltages from pipeline A 62 are processed 
by processor A 71 after conversion to digital pixel data 
by A/D converter 74. Charges or voltages from pipeline 
B 65 are processed by processor B 72 after conversion 
to digital pixel data by A/D converter 75. and charges or 
voltages from pipeline C 68 are processed by processor 
C 73 after conversion to digital pixel data by A/D con- 
verter 76. 

[0039] In step S404, if more rows need to be proc- 
essed to complete processing of the image, flow returns 
to step S401. Otherwise, flow proceeds to step S405. 
where image data from the processors is recombined 
so as to form a whole image corresponding to an image 
focussed onto sensor array 33. 

[0040] By virtue of the foregoing, each of the proc- 
essors for a segment receives image data for pixels in 
an overlap region or regions of an adjacent segment or 
segments. As a result, the processors corresponding to 
each of the segments are able to compensate for image 
discontinuities between the segments. For example, 
white balance correction for adjusting red. green and 
blue color components of a color image can be more 
readily performed in each of processors 71 . 72 and 73 
so as to achieve an overall white balance. 

[Second Embodiment] 

[0041] Figure 5 is a representational view of a sec- 
ond embodiment of an electronic imaging sensor 
according to the invention. 

[0042] Briefly, according to the second embodi- 
ment, an electronic imaging sensor includes a sensor 
array segmented into plural mutually disjoint segments, 
a respective plurality of output pipelines, each of which 
corresponds to each of the plural segments of the sen- 
sor array, and a respective plurality of processors. Each 
processor is coupled to a respective one of the output 
pipelines. The electronic imaging sensor also includes 
an output pipeline, or shift out line, for outputting pixel 
values of pixels in the overlap region to an intermediate 
buffer. The intermediate buffer provides duplicate pixel 
values to each processor whose segment borders the 
overlap region. 

[0043] In more detail, Figure 5 shows electronic 
imaging sensor chip 101 having sensor array 103, 



which includes sensor segment A 107, sensor segment 
B 1 08 and sensor segment C 1 09. Each of these sensor 
segments outputs rows of charges or voltages for an 
image focussed thereon in accordance with phased 
5 clocks 111. +2 112 and <t> 3 113, as explained above 
with reference to Figure 1 . 

[0044] According to the second embodiment of the 
invention, image data for overlap regions is duplicated 
by storing charges or voltages for overlap regions to 

10 shift out lines, and then to intermediate buffers that sup- 
ply the charges to the processors for the segments for 
the overlap regions. Preferably, the shift out lines are 
provided on sensor chip 101, while the intermediate 
buffers are provided off sensor chip 101 . 

is [0045] In Figure 5, charges or voltages from non- 
overlap region 115 are stored to pipeline A 116, which 
preferably supplies the charges or voltages to processor 
A 1 17 through A/D converter 1 18. Likewise, charges or 
voltages from non-overlap region 119 are stored to 

20 pipeline B 1 20, which preferably supplies the charges or 
voltages to processor B 121 through A/D converter 122; 
and charges or voltages from non-overlap region 123 
are stored to pipeline C 124, which preferably supplies 
the charges or voltages to processor C 125 through A/D 

25 converter 126. 

[0046] Charges or voltages from overlap region 131 
are sent to shift out line 132 and are stored to interme- 
diate A/B buffer 133. This buffer supplies the charges or 
voltages to processor A 1 17 and processor B 121, pref- 

30 erably through A/D converter 118 and A/D converter 
122 respectively. Likewise, charges or voltages from 
overlap region 135 are sent to shift out line 136 and are 
stored to intermediate B/C buffer 137. This buffer sup- 
plies the charges or voltages to processor B 121 and 

35 processor C 125. preferably though A/D converter 122 
and A/D converter 126 respectively. 
[0047] Figure 6 is a flowchart for explaining genera- 
tion of image data from charges for an image formed on 
a sensor array, in which image data is duplicated for an 

40 overlap region at a boundary between two mutually dis- 
joint segments of a sensor array according to the sec- 
ond embodiment. 

[0048] Briefly, an electronic imaging sensor has a 
sensor array with plural disjoint segments. The plural 

45 segments include at least a first segment and a second 
segment separated by a boundary. Charges or voltages 
from a non-overlap region of the first segment are 
stored into a pipeline. Charges or voltages from the 
overlap region of the first segment and the second seg- 

so ment are sent to a shift out line. The charges or voltages 
from the shift out line are stored to an intermediate 
buffer. The charges or voltages are provided from the 
pipeline and from the intermediate buffer to a processor. 
[0049] In more detail, charges or voltages from a 

55 non -overlap region of a row of a sensor segment are 
stored to a pipeline in step S601. Charges or voltages 
from non-overlap region 115 are stored to pipeline A 
116, from non-overlap region 1 19 are stored to pipeline 
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B 120, and from non-overlap region 123 are stored to 
pipeline C 124. 

[0050] In step S602, charges or voltages from an 
overlap region of a row of a segment and an adjacent 
segment are sent to a shift out line. Charges or voltages 
from overlap region 131 are sent to shift out line 132, 
and charges or voltages from overlap region 135 are 
sent to shift out line 136. 

[0051] The charges or voltages from the shift out 
lines are stored to intermediate buffers in step S603. 
Intermediate A/B buffer 133 stores the charges or volt- 
ages from shift out line 132, and intermediate B/C buffer 
137 stores the charges or voltages from shift out line 
136. 

[0052] In step S604, charges or voltages from the 
pipelines and the intermediate buffers are sent to 
respective processors for processing, preferably 
through A/D converters. Charges or voltages from pipe- 
line A 1 16 and intermediate A/B buffer 133 preferably 
are sent through A/D converter 1 1 8 to be processed by 
processor A 117; charges or voltages from pipeline B 
120, intermediate A/B buffer 133 and intermediate B/C 
buffer 137 preferably are sent through A/D converter 
122 to be processed by processor B 121 ; and charges 
or voltages from pipeline C 124 and intermediate B/C 
buffer 137 preferably are sent through A/D converter 
126 to be processed by processor C 125. Thus, in the 
second embodiment, data for an overlap region is dupli- 
cated in step S604 by being sent from a corresponding 
intermediate buffer to processors for segments that bor- 
der on the overlap region. 

[0053] In step S605, if more rows need to be proc- 
essed to complete processing of the image, flow returns 
to step S601. Otherwise, flow proceeds to step S606, 
where image data from the processors is recombined 
so as to form a whole image corresponding to an image 
focussed onto sensor array 103. 
[0054] By virtue of the foregoing, each of the proc- 
essors tor a segment receives image data for pixels in 
an overlap region or regions of an adjacent segment or 
segments. As a result, the processors corresponding to 
each of the segments are able to compensate for image 
discontinuities between the segments. 

[Third Embodiment] 

[0055] Figure 7 is a representational view of a third 
embodiment of an electronic imaging sensor according 
to the invention. 

[0056] Briefly, according to the third embodiment, 
an electronic imaging sensor includes a sensor array 
segmented into plural mutually disjoint segments, a 
respective plurality of output pipelines, each of which 
corresponds to each of the plural segments of the sen- 
sor array, and a respective plurality of processors. Each 
processor is coupled to a respective one of the output 
pipelines. A communication link is provided between 
processors that border an overlap region, and duplicate 



pixels are communicated between the processors over 
the communication link. 

[0057] In more detail, Figure 7 shows electronic 
imaging sensor chip 141 having sensor array 143, 

5 which includes sensor segment A 1 47, sensor segment 
B 148 and sensor segment C 149. Each of these sensor 
segments outputs rows of charges or voltages for an 
image focussed thereon in accordance with phased 
clocks 4> 1 151, <t> 2 152 and <t> 3 153, as explained above 

io with reference to Figure 1 . 

[0058] According to the third embodiment of the 
invention, image data for overlap regions is duplicated 
by communicating the image data over communication 
lines between processors for the respective image 

75 regions. Preferably, the processors and the communica- 
tion lines are provided off-chip. 

[0059] In Figure 7, charges or voltages from seg- 
ment A 147, including non-overlap region 157 and a 
part of overlap region 158 in segment A 147, are stored 

20 to pipeline A 160. Likewise, charges or voltages from 
segment B 148, including non-overlap region 162 and 
parts of overlap regions 158 and 164 in segment B 148, 
are stored to pipeline B 166; and charges or voltages 
from segment C 1 49, including non-overlap region 1 68 

25 and a part of overlap region 164 in segment C 149. are 
stored to pipeline C 1 70. 

[0060] Each of the pipelines provides the charges 
or voltages to respective ones of processors A 173. B 
174 and C 175, preferably through A/D converters 176, 

30 1 77 and 1 78. These processors communicate via com- 
munication lines 180 and 181 so as to share overlap 
pixel data for overlap regions shared by the correspond- 
ing sensor segments. Thus, in the preferred embodi- 
ment, processors A 173 and B 174 communicate pixel 

35 data for overlap region 158 over communication line 
180, and processors B 174 and C 175 communicate 
pixel data for overlap region 164 over communication 
line 181. 

[0061] Figure 8 is a flowchart for explaining genera- 

40 tion of image data from charges for an image formed on 
a sensor array, in which image data is duplicated for an 
overlap region at a boundary between two mutually dis- 
joint segments of a sensor array according to the sec- 
ond embodiment. 

45 [0062] Briefly, an electronic imaging sensor has a 
sensor array with plural disjoint segments. The plural 
segments include at least a first segment and a second 
segment separated by a boundary. Charges or voltages 
from the first segment are stored into a pipeline. The 

so charges or voltages are provided from the pipeline to a 
first processor for processing pixel data for the first seg- 
ment. Pixel data for the overlap region is communicated 
between the first processor and a second processor, 
wherein the second processor is for processing pixel 

55 data for the second segment. 

[0063] In more detail, charges or voltages from an 
entire row of a sensor segment are stored to a pipeline 
in step S801 . Charges or voltages from sensor segment 
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A 147 are stored to pipeline A 160, from sensor seg- 
ment B 148 are stored to pipeline B 166, and from sen- 
sor segment C 149 are stored to pipeline C 170. 
[0064] In step S802, charges or voltages from the 
pipelines are processed by respective ones of the proc- 
essors, along with overlap data provided from proces- 
sors for adjacent sensor segments. Processor A 173 
processes charges or voltages from pipeline A 160, 
preferably received through A/D converter 176, along 
with overlap data from processor B 174 for a part of 
overlap region 158 in segment B 148. Processor B 174 
processes charges or voltages from pipeline B 166, 
preferably received through A/D converter 177, along 
with.overlap data from processor A 173 for a part of 
overlap region 158 in segment A 147 and overlap data 
from processor C 175 for a part of overlap region 164 in 
segment C 1 49. Processor C 1 75 processes charges or 
voltages from pipeline C 170, preferably received 
through A/D converter 178, along with overlap data from 
processor B 1 74 for a part of overlap region 164 in seg- 
ment B 148. The overlap data is communicated 
between the processors over communication lines 180 
and 181. 

[0065] In step S803, if more rows need to be proc- 
essed to complete processing of the image, flow returns 
to step S801. Otherwise, flow proceeds to step S804, 
where image data from the processors is recombined 
so as to form a whole image corresponding to an image 
focussed onto sensor array 143. 
[0066] By virtue of the foregoing, each of the proc- 
essors for a segment receives image data for pixels in 
an overlap region or regions of an adjacent segment or 
segments. As a result, the processors corresponding to 
each of the segments are able to compensate for image 
discontinuities between the segments. 

[Variations] 

[0067] Instead of receiving data through A/D con- 
verters, the processors can be capable of directly 
processing the charges or voltages. For example, each 
processor can include an embedded A/D converter or 
other circuitry for performing image processing on the 
charges or voltages. In that case, the A/D converters 
shown in Figures 1, 2, 5 and 7 can be omitted. 
[0068] It is possible to combine any of the features 
of each of the embodiments described above. In addi- 
tion, an electronic imaging sensor chip could include a 
sensor array that has more or less sensor segments 
than the three segments discussed herein, arranged 
vertically, horizontally, in a grid, or in some other fash- 
ion. 

[0069] Accordingly, while the invention is described 
above with respect to what is currently considered its 
preferred embodiments, it is to be understood that the 
invention is not limited to that described above. To the 
contrary, the invention is intended to cover various mod- 
ifications and equivalent arrangements included within 



the scope of the appended claims. 
Claims 

5 1 . An imaging sensor which includes: 

a sensor array segmented into plural disjoint 
segments; 

a respective plurality of output pipelines, one of 
w said output pipelines corresponding to each of 

said plural segments of the sensor array; and 
means for duplicating image data for an over- 
lap region at each boundary between seg- 
ments. 

75 

2. An imaging sensor according to claim 1, wherein 
said means for duplicating image data comprises 
charge or voltage duplicating circuitry that obtains 
multiple outputs for each pixel in the overlap region, 
20 and wherein said duplication circuitry provides 
each of the multiple outputs to individual ones of 
said output pipelines that border on the overlap 
region. 

25 3. An imaging sensor according to claim 1, further 
comprising a respective plurality of processors, 
each processor coupled to a respective one of the 
output pipelines, and wherein said means for dupli- 
cating includes an output pipeline for outputting 

30 pixel values of pixels in the overlap region to an 
intermediate buffer, the intermediate buffer provid- 
ing duplicate pixel values to each processor whose 
segment borders the overlap region. 

35 4. An imaging sensor according to Claim 3, wherein 
the intermediate buffer is provided off-chip from the 
sensor array. 

5. An imaging sensor according to Claim 1, further 
40 comprising a respective plurality of processors, 

each processor coupled to a respective one of the 
output pipelines, and wherein said means for dupli- 
cating comprises a communication link between 
processors that border the overlap region, and 
45 wherein duplicate pixels are communicated 
between processors over the communication link. 

6. A method of operating an imaging sensor which 
includes a sensor array segmented into plural dis- 

50 joint segments including at least a first segment and 
a second segment separated by a boundary, the 
method comprising the step of duplicating image 
data for an overlap region at the boundary. 

55 7. A method according to Claim 6, wherein said step 
of duplicating image data further comprises the 
steps of: 
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storing charges or voltages from a non-overlap 
region of the first segment into a output pipe- 
line; 

storing charges or voltages from the overlap 
region of the first segment and the second seg- 5 
ment into the output pipeline; and 
providing charges or voltages from the output 
pipeline to a processor. 

8. A method according to Claim 6, wherein said step 10 
of duplicating image data further comprises the 
steps of: 

storing charges or voltages from a non-overlap 
region of the first segment into a pipeline; is 
sending charges or voltages from the overlap 
region of the first segment and the second seg- 
ment to a shift out line; 

storing charges or voltages from the shift out 
line to an intermediate buffer; and 20 
providing charges or voltages from the pipeline 
and from the intermediate buffer to a proces- 
sor. 

9. A method according to Claim 8, wherein the inter- 25 
mediate buffer is provided off-chip from the sensor 
array. 

1 0. A method according to claim 6. wherein said step of 
duplicating image data further comprises the steps 30 
of: 

storing charges or voltages from the first seg- 
ment into a pipeline; 

providing charges or voltages from the pipeline 35 
to a first processor, the first processor for 
processing pixel data for the first segment; and 
communicating pixel data for the overlap region 
between the first processor and a second proc- 
essor, the second processor for processing 40 
pixel data for the second segment. 
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